Abstract. In this study, we investigated the electrical characteristics of a subsea cable depending on its length and the applied pressure. The inverters currently used in subsea plants generate conducted noise, which is the cause of damage and insulation failure of electric motor bearings. The conducted noise in a subsea cable was found to be influenced more by the change in the cable length than the pressure exerted on the cable. On the basis of the finding that conducted noise increases in proportion to the increase in cable length owing to the proportional decrease in capacitance (C), we analyzed the impact of the electrical components (L, R, and C) on the noise in the design stage of a longdistance cable, focusing on the variables of length and pressure, and presented the guidelines for designing a subsea plant model.
Introduction
In recent years, with shallow-water oil resources gradually depleting, subsea technologies have been attracting attention for the exploitation of the deep-water offshore oil resources. However, the electric-motor drive inverters currently used in subsea plants generate conducted noise as a result of an abrupt voltage change. This conducted noise can cause electromagnetic interference (EMI), damage to motor bearings, and insulation failure. Further, increase in the length of the cable connecting inverter and motor is directly associated with the increase in the conducted noise. Therefore, an accurate noise analysis should be performed by taking into account the variables of length and pressure [1] , [2] .
Research has been strenuously underway to determine the optimal designs for long-distance cables for motor systems at industrial sites; however, most of the studies conducted so far have shown the following limitations. First, the majority of the studies on subsea environments have investigated pressure-dependent changes in the cable's L, R, and C, thereby numerically extracting them; however, the change in the entire system has not been taken into consideration [7] , [8] . Second, cable-related studies have presented various design methods such as mathematical modeling of a long-distance cable based on the L, R, and C (electrical components) values [2] , [3] , mathematical cable modeling by taking into account transient distortion frequency [4] , and cable model design method using the finite element analysis (FEA) [5] ; however, most of these studies have focused on cables with limited lengths of several hundred meters, rendering them inapplicable to subsea plants. Thus, research should be carried out to model a long-distance cable (≥ 2 km) suitable for subsea plants.
With this background, we performed a mathematical modeling of a 2-km power transmission cable tailored to the electrical architecture of subsea plants. We also analyzed the effects of the electrical characteristics and the output filter on the cable, depending on the changes in the subsea environment. Thus, we attempted to provide subsea plant designing guidelines.
2
Power Transmission Cable Modeling
Electric-motor drive system configuration
The subsea power system model investigated in this study consists of a three-phase input terminal, a converter, a DC link, a pulse width modulation (PWM) inverter, a cable, and an electric motor. A variable speed drive (VSD) and an electric motor model optimized for subsea application were modeled using Powersim (PSIM).
Fig. 1. AC motor drive system

Power transmission cable model and capacitance pressure coefficient
The four-wire cable model was configured. Z a , Z b , and Z c can be obtained as per the formulas outlined in Table 1 . The model parameter values are expressed as a value per unit meter and R, L, C b , and C i values were obtained using their respective formulas [3] . Given the fact that the pressure exerted on the cable has the greatest effect on the capacitance, only the capacitance is considered in the modeling. The value of the capacitance under the application of pressure can be obtained using the pressure coefficient as Eq. (1) [7] , [8] . (1)
Results
Fig . 2 shows the graphs representing the change in the peak voltage of the motor terminal and the rise time depending on the changes in the applied pressure and cable length. The analysis of graphs (a) and (b) representing the pressure-dependent characteristics yielded the finding that the capacitance increases proportional to the pressure increase, and the rise time was subsequently increased because of the chargeand-discharge effect. It was also found that decreased peak voltage led to a voltage dip. The analysis of graphs (c) and (d) representing the cable length-dependent characteristics yielded the finding that the increase in length led to the increase in capacitance and decrease in resistance and inductance, resulting in the increase in rise time and peak voltage. It was thus verified by the analysis of the pressure-dependent voltage characteristics that the increase in capacitance induces a decrease in rise time and peak voltage. In contrast, the increase in peak voltage proportional to the increase in length was considered attributable to the increase in current induced by the decrease in inductance and resistance, which in turn leads to an increase in voltage. 
Conclusion
In this study, we modeled a cable commonly used in subsea plants and tested the impacts of the changes in cable length and applied pressure on the voltage characteristics. Model experiment on a 100-m subsea cable and theoretical analysis were performed, followed by theoretical analysis of the subsea cable based on the thus validated analysis model.
The results of the analyses of the motor terminal voltage characteristics depending on the changes in the applied pressure and cable length yielded the findings that in terms of the pressure-dependent voltage characteristics, an increase in capacitance induces a proportional decrease in rise time and peak voltage and that peak voltage increased in direct proportion to the cable length, which is attributable to the increase in current owing to the decrease in inductance and resistance, leading to voltage increase.
This study is significant in that it presented a methodology for reducing the conducted noise occurring in subsea plants by performing analyses of the electrical characteristics depending of the subsea cable length as well as the voltage characteristic depending on the changes in the subsea environment.
